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(54) HIGH-FREQUENCY AMPLIFIER 



(57) A high-frequency amplifying unit 2 in which a 
steep gain variation developed according to a change 
in the amplitude of input high-frequency signal is sup- 
pressed is provided. It amplifies an input high-frequency 
signal with a plurality of transistors 12-1 to 12-N at the 
same time a measuring circuit 27 measures amplitude 



of the input high-frequency signal, and a bias control cir- 
cuit 26 continuously controls a bias applied to each tran- 
sistors 12-1 to 12-N according to the value of amplitude 
measured by the measuring circuit 27. Thus it is possi- 
ble to suppress a steep gain variation produced accord- 
ing to a variation in the amplitude of input high-frequency 
signal. 
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Description 

' BACKGROUND OF THE INVENTION 

Field of the Invention 5 

[0001] The present invention relates to a high-fre- 
quency amplifying device which is used in, for example, 
a mobile communication terminal to amplify a high-fre- 
quency signal. w 

Description of the Rior Art 

[0002] Fig. 1 is a block diagram showing a configura- 
tion of conventional high-frequency amplifying device 15 
described in, for example, "Intelligent RF Power Module 
Using Automatic Bias Control (ABC) System for PCS 
CDMA Applications" (Sato et aL, IEEE MTT-S Int. Mi- 
crowave Symp. Dig. p. p. 201 -204, 1998). In the figure, 
reference numeral 201 indicates an input terminal, 20 

202- 1 indicates a first-stage transistor for amplifying a 
high-frequency signal, and 202-2 indicates a second- 
stage transistor for amplifying the high-frequency signal. 

203- 1 indicates a bias feed circuit such as a distributed 
constant circuit, a resistor, an inductor, a capacitor or 25 
the like for biasing the input of transistor 202-1 , and 
203-2 indicates a bias feed circuit for biasing the input 

of transistor 202-2. 204-1 indicates a pull-up circuit pro- 
vided on the output side of transistor 202-1 , 204-2. indi- 
cates a pull-up circuit provided on the output side of tran- 30 
sistor 202-2, and 205 indicates an output terminal, re- 
spectively. 

[0003] In addition, reference numeral 211 indicates a 
transistor for detecting an input signal, 212 indicates a 
pull-up circuit on the output side of transistor 211 , and 35 

213 indicates a comparator for comparing a reference 
voltage generated by a reference voltage source 214 
and a voltage of signal detected by the transistor 211 . 

214 indicates a reference voltage source for generating 

a predetermined reference voltage, and 215 indicates a *o 
variable voltage source for applying a voltage corre- 
sponding to the result of comparison by the comparator 
213 to each bias feed circuits 203-1 and 203-2. 
[0004] The operation will next be explained. 
[0005] A high-frequency signal supplied via the input 45 
terminal 201 is amplified by the transistors 202-1 and 
202-2 and the post-amplification high-frequency signal 
is output through the output terminal 205. 
[0006] On the other hand, the transistor 211 detects 
the high-frequency signal supplied via the input terminal 50 
201 and supplies a post-detection signal to the compa- 
rator 213. The comparator 213 compares a reference 
voltage generated by the reference voltage source 214 
and a voltage of signal detected by the transistor 211 
and supplies a signal (e.g. : a signal of 0 or 1 ) indicative 55 
of whether the voltage of post-detection signal is higher 
than the reference voltage, to a variable voltage source 
215. The variable voltage source 215 changes the volt- 
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age to apply to each bias feed circuits 203-1 and 203-2 
according to whether or not the voltage of input signal 
is higher than the reference voltage. 
[0007] Thus the biases to be applied to the transistors 
202-1 and 202-2 are changed according to the voltage 
(power) of input signal to reduce power consumption at 
low output power. 

[0008] However, because the conventional high-fre- 
quency amplifying device is constructed as described 
above, it has been accompanied by problems that a var- 
iation in gain at their changing is large and, for example, 
further reduction in power consumption is difficult, since 
the biases to be applied to the transistors are changed 
discontinuously based on whether or not the voltage of 
input signal is higher than the reference voltage. There 
was a possibility that when the variation in gain at the 
changing was large, a shift occurred in the phase of a 
signal, thus causing defective conditions upon detec- 
tion. When a system, such as a W-CDMA (Wideband 
Code Division Multiple Access) system which is placed 
under strict constraints on a gain fluctuation band width, 
is used in a communication apparatus or the like, it has 
been difficult to meet such constraints when the gain 
variation at the changing is large. 
[0009] The present invention has been made to solve 
the foregoing problems. Therefore the present invention 
aims to provide a high-frequency amplifying device 
comprising a high-frequency amplifying unit having a 
plurality of the amplifying elements for amplifying the in- 
put high-frequency signal; a measuring circuit for meas- 
uring amplitude of the input high-frequency signal; and 
a bias control circuit for continuously controlling a bias 
applied to each amplifying elements according to value 
of the amplitude measured by the measuring circuit, 
whereby a steep gain variation developed according to 
a change in the amplitude of input high-frequency signal 
can be suppressed. 

SUMMARY OF THE INVENTION 

[0010] According to a first aspect of the present inven- 
tion, a high-frequency amplifying device comprises: a 
high-frequency amplifying unit having a plurality of the 
amplifying elements for amplifying the input high-fre- 
quency signal; a measuring circuit for measuring ampli- 
tude of the input high-frequency signal; and a bias con- 
trol circuit for continuously controlling a bias applied to 
each amplifying elements according to value of the am- 
plitude measured by the measuring circuit. By this ar- 
rangement, an effect is obtained that a steep gain vari- 
ation developed according to a change in the amplitude 
of input high-frequency signal can be suppressed. Fur- 
ther, another effect is obtained that the circuit scale can 
be reduced since the bias control circuit collectively con- 
trols bias applied to the plurality of amplifying elements. 
[0011] According to a second aspect of the present 
invention, a high-frequency amplifying device in which 
bias control circuit has a current adding circuit for out- 
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putting a current having a value corresponding to the 
amplitude measured by the measuring circuit, and a bi- 
as applying circuit for applying a bias corresponding to 
the sum of current output from the current adding circuit 
and a predetermined reference current to the plurality 
of amplifying elements is provided. By this arrangement 
an effect is obtained that the bias can be reduced con- 
tinuously and power consumption at low output power 
can be further reduced when the amplitude of input high- 
frequency signal becomes small. 
[0012] According to a third aspect of the present in- 
vention, a high-frequency amplifying device in which bi- 
as control circuit has a detection adjusting circuit for set- 
ting value of a current conducted according to the am- 
plitude of the high-frequency signal when the measuring 
circuit measures the amplitude thereof is provided. By 
this arrangement an effect is obtained that an operating 
condition for the measuring circuit can be controlled and 
an adjustment of the device can be carried out with 
ease. 

[0013] According to a fourth aspect of the present in- 
vention, a high-frequency amplifying device in which 
current adding circuit has a current mirror circuit for al- 
lowing a current having a value corresponding to the 
amplitude measured by the measuring circuit to conduct 
into one end thereof and according to the current, out- 
putting another current set based on a ratio between 
junction areas of the current mirror circuit and a source 
voltage from the other end thereof is provided. By this 
arrangement an effect is obtained that the characteristic 
of current to the bias applying circuit with respect to the 
amplitude of input high-frequency signal can easily be 
adjusted by adjusting the ratio between the junction ar- 
eas of current mirror circuit and the source voltage 
thereof, and in its turn the bias applied to each amplify- 
ing elements can be adjusted with ease. 
[0014] According to a fifth aspect of the present inven- 
tion, ahigh-frequency amplifying device in which bias 
applying circuit has an internal amplifying element for 
conducting the current output from the current adding 
circuit and the predetermined reference current, and the 
internal amplifying element and the plurality of amplify- 
ing elements of the high-frequency amplifying unit con- 
stitute a current mirror circuit is provided. 
[0015] According to a sixth aspect of the present in- 
vention, a high-frequency amplifying device in which bi- 
as control circuit has a current subtracting circuit for in- 
putting thereto a current having a value corresponding 
to the amplitude measured by the measuring circuit, and 
a bias applying circuit for supplying the current to the 
current subtracting circuit and applying a bias corre- 
sponding to a difference between a predetermined ref- 
erence current and said current to the plurality of ampli- 
fying elements is provided. By this arrangement an ef- 
fect is obtained that it is possible to continuously in- 
crease the bias when the input high-frequency signal is 
reduced in amplitude, and thereby compensate for a 
gain reduction at low output power. 
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[0016] According to a seventh aspect of the present 
invention, a high-frequency amplifying device in which 
bias control circuit has a detection adjusting circuit for 
setting a value of current conducted according to the 

5 amplitude of high-frequency signal when the measuring 
circuit measures the amplitude thereof is provided. By 
this arrangement an effect is obtained that the operating 
condition for measuring circuit can be controlled, and 
hence an adjustment of the device can easily be per- 

10 formed. 

[0017] According to an eighth aspect of the present 
invention, a high-frequency amplifying device in which 
current subtracting circuit has a current mirror circuit for 
allowing a current having a value corresponding to the 

'5 amplitude measured by the measuring circuit to conduct 
into one end thereof and according to the current, input- 
ting another current set based on a ratio between junc- 
tion areas of the current mirror circuit and a source volt- 
age from the other end thereof is provided. By this ar- 

20 rangement an effect is obtained that the characteristic 
of current from the bias applying circuit with respect to 
the amplitude of input high-frequency signal can easily 
be adjusted by adjusting the ratio between the junction 
areas of current mirror circuit and the source voltage 

25 thereof, and in its turn the bias applied to each amplify- 
ing elements can be adjusted with ease. 
[0018] According to a ninth aspect of the present in- 
vention, a high-frequency amplifying device in which bi- 
as applying circuit has an internal amplifying element for 

30 conducting the remaining current obtained by subtract- 
ing the current supplied to the current subtracting circuit 
from the predetermined reference current, and the in- 
ternal amplifying element and the plurality of amplifying 
elements of the high-frequency amplifying unit consti- 

35 tute a current mirror circuit is provided. 

[0019] According to a tenth aspect of the present in- 
vention, a high-frequency amplifying device in which 
measuring circuit is connected in parallel with the high- 
frequency amplifying unit is provided. By this arrange- 

40 ment an effect is obtained that the amplitude of high- 
frequency signal can be measured without degradation 
of the high-frequency signal supplied to the high-fre- 
quency amplifying unit. 

[0020] According to an eleventh aspect of the present 
45 invention, a high-frequency amplifying device in which 
measuring circuit, current adding circuit and detection 
adjusting circuit are connected in parallel with the high- 
frequency amplifying unit is provided. By this arrange- 
ment an effect is obtained that the measuring circuit, the 
50 detection adjusting circuit and the current subtracting 
circuit can be implemented in a one-chip integrated cir- 
cuit, thus it makes possible to reduce the scale and cost 
of the device. 

[0021 ] According to a twelfth aspect of the present in- 
55 vention, a high-frequency amplifying device in which 
measuring circuit, current subtracting circuit and detec- 
tion adjusting circuit are connected in parallel with high- 
frequency amplifying unit is provided. By this arrange- 



BNSDOCID: <EP 1298793A1_I_> 



3 



EP 1 298 793 A1 



6 



ment an effect is obtained that the measuring circuit, the 
detection adjusting circuit and the current subtracting 
circuit can be implemented in a one-chip integrated cir- 
cuit, thus it makes possible to reduce the scale and cost 
of the device. 5 
[0022] According to a thirteenth aspect of the present 
invention, a high-frequency amplifying device in which 
measuring circuit has a detector circuit connected in se- 
ries with the high-frequency amplifying unit, for passing 
the high-frequency signal to the high-frequency ampli- io 
tying unit and detecting the high-frequency signal is pro- 
vided. By this arrangement an effect is obtained that it 
is not necessary to additionally provide a divider for al- 
lowing the high-frequency signal to divide into the meas- 
uring circuit and the high-frequency amplifying unit, and 15 
hence a circuit scale can be reduced. 
[0023] According to a fourteenth aspect of the present 
invention, a high-frequency amplifying device compris- 
es: a high-frequency amplifying unit having a plurality of 
the amplifying elements for amplifying the input high- 20 
frequency signal; a measuring circuit for measuring the 
amplitude of input high-frequency signal; and a plurality 
of bias control circuits for respectively independently 
controlling continuously biases applied to the respective 
amplifying elements according to the value of amplitude 25 
measured by the measuring circuit. By this arrangement 
an effect is obtained that the biases can independently 
be set according to the frequency characteristics and 
physical characteristics of the respective amplifying el- 
ements, for example. 30 
[0024] According to a fifteenth aspect of the present 
invention, a high-frequency amplifying device in which 
each bias control circuits has a current adding circuit for 
outputting a current having a value corresponding to the 
amplitude measured by the measuring circuit, and a bi- 35 
as applying circuit for applying a bias corresponding to 
the sum of current output from the current adding circuit 
and a predetermined reference current to the each am- 
plifying element is provided. By this arrangement an ef- 
fect is obtained that the power consumption at low out- 40 
put power can be further reduced since the biases ap- 
plied to the respective amplifying elements can be es- 
tablished independently. 

[0025] According to a sixteenth aspect of the present 
invention, a high-frequency amplifying device in which 45 
each bias control circuit has a current subtracting circuit 
for inputting thereto a current having a value corre- 
sponding to the amplitude measured by the measuring 
circuit, and a bias applying circuit for supplying the cur- 
rent to the current subtracting circuit and applying a bias 50 
corresponding to the difference between a predeter- 
mined reference current and the current to the each am- 
plifying element is provided. By this arrangement an ef- 
fect is obtained that the compensation for a gain reduc- 
tion at low output power can be carried out more suitably 55 
since the biases for the respective amplifying elements 
can be set independently. 

[0026] According to a seventeenth aspect of the 



present invention, a high-frequency amplifying device in 
which each bias control circuit of a predetermined 
number of stages on the front side, of the plurality of 
bias control circuits has a current subtracting circuit for 
inputting thereto a current having a value corresponding 
to the amplitude measured by the measuring circuit, and 
a bias applying circuit for supplying the current to the 
current subtracting circuit and applying a bias corre- 
sponding to the difference between a predetermined ref- 
erence current and the supplied current to the each am- 
plifying element, and each remaining bias control cir- 
cuits on the rear side has a current adding circuit for 
outputting a current having a value corresponding to the 
amplitude measured by the measuring circuit, and a bi- 
as applying circuit for applying a bias corresponding to 
the sum of current output from the current adding circuit 
and a predetermined reference current to the each am- 
plifying element is provided. By this arrangement an ef- 
fect is obtained that a reduction in distortion and a re- 
duction in power consumption at low output power can 
be rendered compatible. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0027] 

Fig. 1 is a block diagram showing a configuration of 
conventional high-frequency amplifying device; 
Fig. 2 is a block diagram showing a configuration of 
high-frequency amplifying device according to an 
embodiment 1 of the present invention; 
Fig. 3 is a circuit diagram showing an example of 
configuration of a detection adjusting circuit shown 
in Fig. 2; 

Fig. 4 is a circuit diagram showing an example of 
configuration of a current adding circuit shown in 
Fig. 2; 

Fig. 5 is a circuit diagram showing an example of 
configuration of a bias applying circuit shown in Fig . 

2; 

Fig. 6 is a block diagram showing a configuration of 
high-frequency amplifying device according to an 
embodiment 2 of the present invention; 
Fig. 7 is a circuit diagram showing configurations of 
a detection adjusting circuit and a current subtract- 
ing circuit shown in Fig. 6; 

Fig. 8 is a block diagram showing a configuration of 

high-frequency amplifying device according to an 

embodiment 3 of the present invention; 

Fig. 9 is a block diagram showing a configuration of 

high-frequency amplifying device according to an 

embodiment 4 of the present invention; 

Fig. 10 is a block diagram showing a configuration 

of high-frequency amplifying device according to an 

embodiment 5 of the present invention; 

Fig. 11 is a block diagram showing a configuration 

of high-frequency amplifying device according to an 

embodiment 6 of the present invention; and 
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Fig. 12 is a circuit diagram showing an example of 
configuration of a detector circuit shown in Fig. 11. 

DETAILED DESCRIPTION OF THE PREFERED 
EMBODIMENT 

[0028] In order to describe the present invention in 
more details, best modes for carrying out the present 
invention will hereinafter be described with reference to 
the accompanying drawings. 

Embodiment 1 

[0029] Fig. 2 is a block diagram showing a configura- 
tion of high-frequency amplifying device according to an 
embodiment 1 of the present invention. In the figure, ref- 
erence numeral 1 indicates an input terminal, 2 indicates 
a high-frequency amplifying unit having transistors 1 2-1 
to 12-N of N stages (where N ^ 2), and 3 indicates an 
output terminal. 

[0030] In the high-frequency amplifying unit 2, refer- 
ence numerals 1 1 -1 to 1 1 -N respectively indicate match- 
ing circuits, respectively provided at stages prior to the 
transistors, and 12-1 to 12-N, 12-1 to 12-N respectively 
indicate the transistors of N stages (amplifying ele- 
ments) for amplifying a RF or high-frequency signal. 
13-1 to 13-N respectively indicate pull-up circuits pro- 
vided at the outputs of transistors 12-1 to 12-N, and 14 
indicates a matching circuit provided at a stage prior to 
the output terminal 3, respectively. 
[0031] Reference numeral 21 indicates a detector cir- 
cuit such as a diode for detecting an input signal, and 
22 indicates a smoothing circuit such as a capacitor for 
smoothing a post-detection signal. Incidentally, the de- 
tector circuit 21 and the smoothing circuit 22 constitute 
a measuring circuit 27 for measuring the amplitude of 
input signal. 

[0032] Reference numeral 23 indicates a detection 
adjusting circuit for adjusting or regulating a current 
passing through the detector circuit 21 and the smooth- 
ing circuit 22, 24 indicates a current adding circuit for 
supplying a current of value corresponding to the ampli- 
tude of input signal to a bias applying circuit 25, based 
on the current adjusted by the detection adjusting circuit 
23, and 25 indicates a bias applying circuit for adding 
the current supplied from the current adding circuit 24 
to a reference current and applying a bias correspond- 
ing to the post-addition current to the bases of transis- 
tors 12-1 to 12-N, respectively. Incidentally, the detec- 
tion adjusting circuit 23, the current adding circuit 24, 
and the bias applying circuit 25 constitute a bias control 
circuit 26. 

[0033] Examples of configurations of the detection 
adjusting circuit 23, the current adding circuit 24 and the 
bias applying circuit 25 at the time that N type bipolar 
transistors are used as the transistors 12-1 to 12-N, will 
now be shown. Fig. 3 is a circuit diagram showing an 
example of configuration of the detection adjusting cir- 
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cuit 23 shown in Fig. 2, Fig. 4 is a circuit diagram show- 
ing an example of configuration of the current adding 
circuit 24, and Fig. 5 is a circuit diagram showing an ex- 
ample of configuration of the bias applying circuit 25. 
5 [0034] In the detection adjusting circuit 23 shown in 
Fig. 3, reference numeral 31 indicates a variable resistor 
provided between an N type transistor 32 and a smooth- 
ing circuit 22, 32 and 33 respectively indicate the N type 
transistors constituting a current mirror circuit whose 

10 one end is connected to the variable resistor 31 and oth- 
er end is connected to the current adding circuit 24, and 
34 indicates a power supply connected to the collector 
and base of the N type transistor 32 and the base of N 
type transistor 33. Incidentally, a current mirror circuit 

*5 conducts a current through one end thereof and the oth- 
er end thereof at the same ratio as a ratio between junc- 
tion areas of transistors, an N type transistor-based cur- 
rent mirror circuit allows currents to flow in from one end 
thereof and the other end thereof, and a P type transis- 

20 tor-based current mirror circuit allows currents to flow 
out from one end thereof and the other end thereof. The 
detector circuit 21 comprises a diode D as shown in Fig. 
3 by way of example, and the smoothing circuit 22 is 
made up of a capacitor C as shown in Fig. 3 by way of 

25 example. Incidentally, the capacitance value of capaci- 
tor C is set according to a chip rate of the high-frequency 
signal, etc. The capacitor C serves so as to smooth a 
post-detection signal and suppresses the flowing of 
high-frequency signal into the bias control circuit 26. 

30 [0035] In the current adding circuit 24 shown in Fig. 
4, reference numerals 41 and 42 respectively indicate 
P type transistors that constitute a current mirror circuit 
whose one end is connected to the detection adjusting 
circuit 23 and whose other end is connected to the bias 

35 applying circuit 25, and reference numeral 43 indicates 
a power supply connected to the emitters of P type tran- 
sistors 41 and 42. 

[0036] In the bias applying circuit 25 shown in Fig. 5, 
reference numeral 51 indicates an N type transistor (in- 
40 ternal amplifying element) whose collector is connected 
to the current adding circuit 24 and whose emitter is 
grounded, 52 indicates a resistor provided between the 
collector of N type transistor 51 and a power supply 53, 
53 indicates the power supply, 54 indicates an N type 
45 transistor whose base is connected to the collector of N 
type transistor 51 and whose emitter is connected to the 
base of N type transistor 51 , 55 indicates a resistor pro- 
vided between the collector of N type transistor 54 and 
the power supply 53, 56 indicates a capacitor, and 57 
50 indicates an inductor which is provided between the 
base of N type transistor 51 and the bases of transistors 
12-1 to 12-N of the high-frequency amplifying unit 2 to 
suppress the flowing of a high-frequency signal from the 
high-frequency amplifying unit 2, respectively. Inciden- 
ts tally, the N type transistor 51 constitutes a current mirror 
circuit together with the N type transistors 12-1 to 12-N 
of the high-frequency amplifying unit 2. 
[0037] The operation will next be explained. 
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[0038] The high-frequency signal supplied via the in- 
put terminal 1 is amplified by the transistors 12-1 to 12-N 
of the high-frequency amplifying unit 2 and the amplified 
high-frequency signal is output through the output ter- 
minal 3. 

[0039] On the other hand, the detector circuit 21 de- 
tects the high-frequency signal supplied viatheinputter- 
minal 1 and supplies the post-detection signal to the 
smoothing circuit 22. The smoothing circuit 22 
smoothes the signal. Incidentally, the detection adjust- 
ing circuit 23 connected to the smoothing circuit 22 ad- 
justs a current passing through the detector circuit 21 
and the smoothing circuit 22. The current adding circuit 
24 supplies a current of value corresponding to the am- 
plitude of input signal to the bias applying circuit 25, 
based on the current adjusted by the detection adjusting 
circuit 23. The bias applying circuit 25 adds the current 
supplied from the current adding circuit 24 to a reference 
current and applies a bias corresponding to the so-add- 
ed current to the bases of transistors 12-1 to 12-N. Thus 
when the amplitude of input signal increases, the post- 
addition current increases and the bias applied to each 
bases of transistors 1 2-1 to 1 2-N becomes large. On the 
other hand, when the amplitude of input signal decreas- 
es, the post-addition current is reduced and the bias ap- 
plied to each base of transistors 1 2-1 to 1 2-N decreases. 
[0040] A description will now be made of operation at 
the time that the respective parts are configured as 
shown in Figs. 3 through 5. 

[0041] First, the detector circuit 21 and the smoothing 
circuit 22 extract the voltage amplitude of an input signal 
and allow a current corresponding to the voltage ampli- 
tude of input signal to conduct into the N type transistor 
32 of current mirror circuit, based on the resistance val- 
ue of variable resistor 31 and the voltage of power sup- 
ply 34. Thus a current obtained by multiplying the cur- 
rent by a ratio between junction areas of the N type tran- 
sistors 32 and 33 is allowed to conduct into the N type 
transistor 33 of current mirror circuit (see Fig. 3). 
[0042] The same current is caused to conduct even 
into the P type transistor 41 of current mirror circuit in 
the current adding circuit 24, which is connected to the 
N type transistor 33. Thus a current having a value ob- 
tained by multiplying the current by a ratio between junc- 
tion areas of the P type transistors 41 and 42 is allowed 
to conduct into the P type transistor 42 of current mirror 
circuit (see Fig. 4). 

[0043] In the bias applying circuit 25, a reference bias 
for the N type transistor 51 is determined according to 
a voltage from the power supply 53, a resistance value 
of the resistor 52 and an emitter-to-base voltage of the 
N type transistor 54 when no current is supplied from 
the current adding circuit 24. A reference current corre- 
sponding to the reference bias serves so as to make 
continuity between the collector and emitter. When the 
current is supplied from the current adding circuit24, the 
current is added to the reference current, followed by 
flowing into the collector of N type transistor 51 of the 



bias applying circuit 25. The bias applied to the base of 
N type transistor 51 also varies according to the change 
in the emitter-to-collector current. Since the N type tran- 
sistor 51 constitutes the current mirror circuit together 
5 with the transistors 12-1 to 12-N of high-frequency am- 
plifying unit 2, the bias applied to each bases of transis- 
tors 12-1 to 12-N of the high-frequency amplifying unit 
2 also changes in the same manner as described above 
(see Fig. 5). 

10 [0044] Thus the detector circuit 21 , the smoothing cir- 
cuit 22, the detection adjusting circuit 23, the current 
adding circuit 24 and the bias applying circuit 25 contin- 
uously adjust the bias for each transistors 12-1 to 12-N 
of high-frequency amplifying unit 2 according to the am- 

15 plitude of input signal. 

[0045] Thus according to the embodiment 1 , an effect 
is obtained that a steep gain variation produced accord- 
ing to a change in the amplitude of input high-frequency 
signal can be suppressed, since the high-frequency am- 

20 plifying unit 2 having the plurality of transistors 12-1 to 
12-N for amplifying the input high-frequency signal, the 
measuring circuit 27 for measuring the amplitude of in- 
put high-frequency signal, and the bias control circuit 26 
for continuously controlling the bias applied to each tran- 

25 sistors 12-1 to 12-N according to the value of amplitude 
measured by the measuring circuit 27 are provided. 
[0046] According to the embodiment 1 as well, an ef- 
fect is obtained that the circuit scale can be reduced 
since the bias control circuit 26 collectively controls the 

30 bias applied to each plurality of transistors 12-1 to 12-N. 
[0047] Further according to the embodiment 1 , an ef- 
fect is obtained that the bias can be lowered continu- 
ously when the amplitude of input high-frequency signal 
is reduced, thus it makes possible to further reduce pow- 

35 er consumption at low output power since the bias con- 
trol circuit 26 has the current adding circuit 24 for out- 
putting the current having a value corresponding to the 
amplitude measured by the measuring circuit 27, and 
the bias applying circuit 25 for applying the bias corre- 

40 sponding to the sum of current from the current adding 
circuit 24 and the predetermined reference current to 
each transistors 12-1 to 12-N. 

[0048] Furthermore according to the embodiment 1, 
an effect is obtained that an operating condition (oper- 
as ating point of the diode constituting the detector circuit 
21) for the measuring circuit 27 can be controlled and 
hence an adjustment of the device can be easily per- 
formed since the bias control circuit 26 has the detection 
adjusting circuit 23 for setting a value of current con- 
50 ducted or carried according to the amplitude of high-fre- 
quency signal when the measuring circuit 27 measures 
the amplitude. 

[0049] Still further according to the embodiment 1 , an 
effect is obtained that the characteristic of current to the 
55 bias applying circuit 25 with respect to the amplitude of 
input high-frequency signal can easily be adjusted by 
adjusting the ratio between the junction areas of current 
mirror circuit and the source voltage thereof, and in its 
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turn the bias applied to each transistors 12-1 to 12-N 
can be adjusted with ease since the current adding cir- 
cuit 24 has the current mirror circuit for allowing the cur- 
rent of value corresponding to the amplitude measured 
by the measuring circuit to conduct into one end thereof 
and outputting the current set based on the ratio be- 
tween the junction areas of current mirror circuit and the 
source voltage thereof from the other end thereof ac- 
cording to the above current. 

[0050] Still further according to the embodiment 1 , an 
effect is obtained that the measuring circuit 27 is capa- 
ble of measuring the amplitude of high-frequency signal 
without degradation of the high-frequency signal sup- 
plied to the high-frequency amplifying unit 2 since the 
measuring circuit 27 is connected in parallel with the 
high-frequency amplifying unit 2. 

[0051 ] Still further according to the embodiment 1 , an 
effect is obtained that the measuring circuit 27, the de- 
tection adjusting circuit 23 and the current adding circuit 
24 can be implemented in a one-chip integrated circuit, 
thus it makes possible to reduce the scale and cost of 
the device since the measuring circuit 27, the detection 
adjusting circuit 23 and the current adding circuit 24 are 
connected in parallel with the high-frequency amplifying 
unit. 

Embodiment 2 

[0052] Fig. 6 is a block diagram showing a configura- 
tion of high-frequency amplifying device according to an 
embodiment 2 of the present invention. In the figure, ref- 
erence numeral 61 indicates a detection adjusting-cir- 
cuit for adjusting a current passing through a detector 
circuit 21 and a smoothing circuit 22, and 62 indicates 
a current subtracting circuit for causing a current having 
a value corresponding to the amplitude of an input signal 
to be supplied from a bias applying circuit 25 based on 
the current adjusted by the detection adjusting circuit 
23. Incidentally, the detection adjusting circuit 61, the 
current subtracting circuit 62 and the bias applying cir- 
cuit 25 constitute a bias control circuit 63. 
[0053] Incidentally, since other elements of structure 
in Fig. 6 are similar to those employed in the embodi- 
ment 1, description on them will be omitted. However, 
the bias applying circuit 25 subtracts the current sup- 
plied to the current subtracting circuit 62 from a refer- 
ence current and applies a bias corresponding to the 
post-subtraction remaining current to each bases of 
transistors 12-1 to 12-N. 

[0054] An example illustrative of configurations of the 
detection adjusting circuit 61 and the current subtracting 
circuit 62 where N type bipolar transistors are used as 
the transistors 12-1 to 12-N, are shown hereinafter. Fig. 
7 is a circuit diagram showing the configurations of de- 
tection adjusting circuit 61 and the current subtracting 
circuit 62 shown in Fig. 6. In the figure, reference nu- 
meral 71 indicates a variable resistor, and 72 indicates 
apower supply, respectively. Designated at numerals 81 



and 82 are respectively N type transistors which consti- 
tute a current mirror circuit whose one end is connected 
to the detection adjusting circuit 61 and whose other end 
is connected to the bias applying circuit 25. Incidentally, 
5 the bias applying circuit 25 in this case may make use 
of one shown in Fig. 5. 

[0055] The operation will next be explained. 

[0056] Since the high-frequency amplifying unit 2 is 

operated in a manner similar to the embodiment 1 , the 

10 description thereof will be omitted. 

[0057] The detection circuit 21 detects a high-fre- 
quency signal supplied via an input terminal 1 and sup- 
plies the post-detection signal to the smoothing circuit 
22. The smoothing circuit 22 smoothes the signal. Inci- 

*5 dentally, the detection adjusting circuit 61 connected to 
the smoothing circuit 22 adjusts a current passing 
through the detector circuit 21 and the smoothing circuit 
22. The current subtracting circuit 62 causes the bias 
applying circuit 25 to supply a current of value corre- 

20 sponding to the amplitude of input signal through based 
on the current adjusted by the detection adjusting circuit 
61. The bias applying circuit 25 subtracts the current 
supplied to the current subtracting circuit 62 from a ref- 
erence current and applies a bias corresponding to the 

25 so-subtracted remaining current to each bases of tran- 
sistors 12-1 to 12-N. Thus when the amplitude of input 
signal increases, the post-subtraction remaining current 
decreases and the bias applied to each bases of tran- 
sistors 12-1 to 1 2-N is reduced. On the other hand, when 

30 the amplitude of input signal decreases, the post-sub- 
traction remaining current increases and the bias ap- 
plied to each bases of transistors 1 2-1 to 1 2-N becomes 
large. 

[0058] A description will now be made for operation 
35 when the respective parts are configured as shown in 
Figs. 5 and 7. 

[0059] First, the detector circuit 21 and the smoothing 
circuit 22 extract the voltage amplitude of an input signal 
and allow a current corresponding to the voltage ampli- 

40 tude of input signal to conduct into the N type transistor 
81 of current mirror circuit, based on the resistance val- 
ue of variable resistor 71 and the voltage of power sup- 
ply 72. Thus a current obtained by multiplying the cur- 
rent by a ratio between junction areas of the N type tran- 

^5 sistors 81 and 82 is allowed to conduct into the N type 
transistor 82 of current mirror circuit (see Fig. 7). At this 
time, the current which passes through the N type tran- 
sistor 82, is conducted from the bias applying circuit 25 
to the current subtracting circuit 62. 

so [0060] In the bias applying circuit 25, a reference bias 
for the N type transistor 51 is determined according to 
a voltage from the power supply 53, a resistance value 
of the resistor 52 and an emitter-to-base voltage of the 
N type transistor 54 when no current is supplied to the 

55 current subtracting circuit 62. A reference current corre- 
sponding to the reference bias serves so as to make 
continuity between the collector and emitter. When the 
current is supplied to the current subtracting circuit 62, 
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the current is subtracted from the reference current, and 
thereafter the post-subtraction remaining current flows 
into the collector of N type transistor 51 of the bias ap- 
plying circuit 25. The bias applied to the base of N type 
transistor 51 also varies according to a change in the 5 
emitter-to-collector current. Since the N type transistor 
51 constitutes the current mirror circuit together with the 
transistors 12-1 to 12-N of high-frequency amplifying 
unit 2, the bias applied to each bases of transistors 12-1 
to 12-N of the high-frequency amplifying unit 2 also w 
changes in the same manner as described above (see 
Fig. 5). 

[0061] Thus the detector circuit 21 , the smoothing cir- 
cuit 22, the detection adjusting circuit 61, the current 
subtracting circuit 62 and the bias applying circuit 25 is 
continuously adjust the bias for each transistors 1 2-1 to 
12-N of high-frequency amplifying unit 2 according to 
the amplitude of input signal. 

[0062] Thus according to the embodiment 2, an effect 
is obtained that a steep gain variation produced accord- 20 
ing to a change in the amplitude of input high-frequency 
signal can be suppressed since the high-frequency am- 
plifying unit 2 having the plurality of transistors 12-1 to 
1 2-N for amplifying the input high-frequency signal, the 
measuring circuit 27 for measuring the amplitude of in- 25 
put high-frequency signal, and the bias control circuit 63 
for continuously controlling the bias applied to each tran- 
sistors 12-1 to 12-N according to the value of amplitude 
measured by the measuring circuit 27 are provided. 
[0063] According to the embodiment 2 as well, an ef- 30 
feet is obtained that the circuit scale can be reduced 
since the bias control circuit 63 collectively controls the 
bias applied to each plurality of transistors 1 2-1 to 12-N. 
[0064] Further according to the embodiment 2, an ef- 
fect is obtained that the bias can be increased continu- 35 
ously when the amplitude of input high-frequency signal 
is reduced, thus it makes possible to compensate for a 
gain reduction at low output power since the bias control 
circuit 63 has the current subtracting circuit 62 for input- 
ting the current having a value corresponding to the am- 40 
plitude measured by the measuring circuit 27, and the 
bias applying circuit 25 for supplying the current to the 
current subtracting circuit and applying the bias corre- 
sponding to the difference between a predetermined ref- 
erence current and the currentto a plurality of amplifying 45 
elements. That is to say, when it is necessary to com- 
pensate for a gain reduction at low output power accord- 
ing to the type of device used in each transistors 12-1 
to 12-N, the bias control circuit 63 is used, whereas 
when it is necessary to reduce power consumption at so 
low output power the bias control circuit 26 is used. 
[0065] Furthermore according to the embodiment 2, 
an effect is obtained that the operating condition (oper- 
ating point of the diode constituting the detector circuit 
21) for the measuring circuit 27 can be controlled and 55 
hence an adjustment of the device can be easily per- 
formed since the bias control circuit 63 has the detection 
adjusting circuit 61 for setting a value of current con- 
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ducted according to the amplitude of high-frequency sig- 
nal when the measuring circuit 27 measures the ampli- 
tude thereof. 

[0066] Still further according to the embodiment 2, an 
effect is obtained that the characteristic of current from 
the bias applying circuit 25 with respect to the amplitude 
of input high-frequency signal can easily be adjusted by 
setting the ratio between the junction areas of current 
mirror circuit and the source voltage thereof, and in its 
turn the bias applied to each transistors 12-1 to 12-N 
can be adjusted with ease since the current subtracting 
circuit 62 has the current mirror circuit for allowing the 
current of value corresponding to the amplitude meas- 
ured by the measuring circuit 27 to conduct into one end 
thereof and according to the current, causing another 
current set based on the ratio between the junction ar- 
eas of the current mirror circuit and the source voltage 
thereof to be inputted from the other end thereof. 
[0067] Still further according to the embodiment 2, an 
effect is obtained that the measuring circuit 27 is capa- 
ble of measuring the amplitude of high-frequency signal 
without degradation of the high-frequency signal sup- 
plied to the high-frequency amplifying unit 2 since the 
measuring circuit 27 is connected in parallel with the 
high-frequency amplifying unit 2. 

[0068] Still further according to the embodiment 2, an 
effect is obtained that the measuring circuit 27, the de- 
tection adjusting circuit 61 and the current subtracting 
circuit 62 can be implemented in a one-chip integrated 
circuit, thus it makes possible to reduce the scale and 
cost of the device since the measuring circuit 27, the 
detection adjusting circuit 61 and the current subtracting 
circuit 62 are connected in parallel with the high-fre- 
quency amplifying unit 2. 

Embodiment 3 

[0069] Fig. 8 is a block diagram showing a configura- 
tion of high-frequency amplifying device according to an 
embodiment 3 of the present invention. In the high-fre- 
quency amplifying device according to the embodiment 
3, N pieces of bias control circuits 26 are respectively 
connected to N pieces of transistors 12-1 to 12-N. Inci- 
dentally, since other configurations and configurations 
of the respective bias control circuits 63 in Fig. 8 are 
similar to those employed in the embodiment 1 , descrip- 
tion on them will be omitted. 
[0070] The operation will next be explained. 
[0071] In the high-frequency amplifying device ac- 
cording to the embodiment 3, the bias control circuits 2 
6 provided at respective stages independently apply bi- 
ases to respective transistors 12-i (where i = 1,..., N) 
respectively. At this time, the respective biases are set 
in consideration of, for example, the frequency charac- 
teristics and physical characteristics of the respective 
transistors 12-i, etc. Incidentally, since the respective 
parts are similar in operation to those employed in the 
embodiment 1 , the description thereof will be omitted. 
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[0072] Thus according to the embodiment 3, an effect 
is obtained that the biases can be set independently ac- 
cording to the frequency characteristics and physical 
characteristics of the respective transistors 12-i since 
there are provided a high-frequency amplifying unit 2 
having the plurality of transistors 1 2-1 to 1 2-N for ampli- 
fying an input high-frequency signal, a measuring circuit 
27 for measuring the amplitude of input high-frequency 
signal, and a plurality of the bias control circuits 26 for 
respectively independently controlling the biases ap- 
plied to the respective transistors 12-i continuously ac- 
cording to the value of amplitude measured by the 
measuring circuit 27. 

[0073] According to the embodiment 3 as well, since 
each bias control circuits 26 has a current adding circuit 
24 for outputting a current corresponding to the ampli- 
tude measured by the measuring circuit 27, and a bias 
applying circuit 25 for applying a bias corresponding to 
the sum of current supplied from the current adding cir- 
cuit 24 and a predetermined reference current to any of 
the transistors 1 2-1 to 1 2-N, an effect similar to the effect 
obtained in the embodiment 1 is obtained. Further, an 
effect is obtained that the biases applied to the respec- 
tive transistors 1 2-i can be set independently and power 
consumption at low output power can be further re- 
duced. 

Embodiment 4 

[0074] Fig. 9 is a block diagram showing a configura- 
tion of high-frequency amplifying device according to an 
embodiment 4 of the present invention. In the high-fre- 
quency amplifying device according to the embodiment 
4, N bias control circuits 63 are respectively connected 
to N transistors 12-1 to 12-N. Incidentally, since other 
configurations and configurations of the respective bias 
control circuits 63 in Fig. 9 are similar to those employed 
in the embodiment 2, description on them will be omit- 
ted. 

[0075] The operation will next be explained. 
[0076] In the high-frequency amplifying device ac- 
cording to the embodiment 4, the bias control circuits 63 
provided at respective stages independently apply bias- 
es to respective transistors 12-t (where i = 1 , .... N) re- 
spectively. At this time, the respective biases are set in 
consideration of, for example, the frequency character- 
istics and physical characteristics of the respective tran- 
sistors 12-i, etc. Incidentally, since the respective parts 
are similar in operation to those employed in the embod- 
iment 2, the description thereof will be omitted. 
[0077] Thus according to the embodiment 4, an effect 
is obtained that the biases can be set independently ac- 
cording to the frequency characteristics and physical 
characteristics of the respective transistors 12-i since 
there are provided a high-frequency amplifying unit 2 
having the plurality of transistors 1 2-1 to 1 2-N for ampli- 
fying an input high-frequency signal, a measuring circuit 
27 for measuring the amplitude of input high-frequency 



signal, and a plurality of the bias control circuits 63 for 
respectively independently controlling the biases ap- 
plied to the respective transistors 12-i continuously ac- 
cording to the value of amplitude measured by the 

5 measuring circuit 27. 

[0078] According to the embodiment 4 as well, since 
each bias control circuits 63 has a current subtracting 
circuit 62 for inputting a current corresponding to the am- 
plitude measured by the measuring circuit 27, and a bias 

10 applying circuit 25 for supplying the current to the cur- 
rent subtracting circuit 62 and applying a bias corre- 
sponding to the difference between a predetermined ref- 
erence current and the current to each amplifying ele- 
ment, an effect similar to the effect obtained in the em- 

is bodiment 2 is obtained. Further, an effect is obtained 
that the biases applied to the respective transistors 12-i 
can be set independently and the compensation for a 
gain reduction at low output power can be carried out 
more suitably 

20 

Embodiment 5 

[0079] Fig. 10 is a block diagram showing a configu- 
ration of high-frequency amplifying device according to 

25 an embodiment 5 of the present invention. In the high- 
frequency amplifying device according to the embodi- 
ment 5, bias control circuits 26 and bias control circuits 
63 equal to N in total are respectively connected to N 
transistors 12-1 to 12-N. Incidentally, since other con- 

30 figurations and configurations of the respective bias 
control circuits 26 and 63 in Fig. 10 are similar to those 
employed in the embodiment 1 or embodiment 2, de- 
scription on them will be omitted. 
[0080] Incidentally, while the bias control circuit 63 is 

35 used in a first stage and the bias control circuits 26 are 
used in an (N-1 )th stage and an Nth stage in Fig. 1 0, the 
combination of these is not limited to the above in par- 
ticular. The bias control circuits 26 and the bias control 
circuits 63 may be used even by any number. 

40 [0081] The operation will next be explained. 

[0082] In the high-frequency amplifying device ac- 
cording to the embodiment 5, the bias control circuits 63 
are provided for transistors 12-1 to 12-M of predeter- 
mined M stages on the front side, and the bias control 

45 circuits 26 are provided for transistors 1 2-(M-1 ) to 1 2-N 
of the remaining (N-M) stages. Thus biases are inde- 
pendently applied to their corresponding transistors 1 2-i 
(where i = 1 , N). At this time, the respective biases 
are set in consideration of, for example, the frequency 

50 characteristics and physical characteristics of the tran- 
sistors 12-i, etc. Incidentally since the respective parts 
are similar in operation to those employed in the embod- 
iment 1 or embodiment 2, the description thereof will be 
omitted. 

55 [0083] Thus according to the embodiment 5, an effect 
is obtained that the transistors 12-1 to 12-M used as 
drivers, for example, compensate for a gain reduction, 
and the transistors 1 2-(M+ 1 ) to 1 2-N used as power am- 
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plifiers, for example, reduce power consumption, 
whereby a reduction in distortion and a reduction in pow- 
er consumption can be rendered compatible since the 
predetermined number of stages of bias control circuits 
63 on the front side, of the plurality of bias control circuits 
26 and 63 respectively have current subtracting circuits 
62 for respectively inputting thereto a current of value 
corresponding to amplitude measured by a measuring 
circuit 27, and bias applying circuits 25 for respectively 
supplying the current to the current subtracting circuits 
62 and applying biases each corresponding to the dif- 
ference between a predetermined reference current and 
the current to their corresponding transistors 1 2-i (where 
i = 1 , M), and the remaining bias control circuits 26 
on the rear side respectively have current adding circuits 
24 for respectively outputting the current of value corre- 
sponding to the amplitude measured by the measuring 
circuit 27, and bias applying circuits 25 for respectively 
applying biases each corresponding to the sum of the 
current supplied from each current adding circuit 24 and 
the predetermined reference current to their corre- 
sponding transistors 12-i (where i = M+1 , .... N). 

Embodiment 6 

[0084] Fig. 11 is a block diagram showing a configu- 
ration of high-frequency amplifying device according to 
an embodiment 6 of the present invention. Fig. 12 is a 
circuit diagram showing an example of configuration of 
a detector circuit 91 shown in Fig. 11 . In the figure, ref- 
erence numeral 91 indicates a detector circuit for pass- 
ing a high-frequency signal to a high-frequency ampli- 
fying unit 2 and detecting the high-frequency signal. In 
the detector circuit 91 , reference numeral 101 indicates 
acapacitorconnectedtoan input terminal 1 , for allowing 
the high-frequency signal to pass through and sup- 
pressing a dc component or the like, 1 02 indicates a ca- 
pacitor connected to the high-frequency amplifying unit 
2, for allowing the high-frequency signal to pass through 
and suppressing a dc component or the like, 103 indi- 
cates a detecting diode, and 1 04 indicates an inductor 
for suppressing a high-frequency component to the 
smoothing circuit 22. Incidentally, since other elements 
of structure shown in Fig. 11 are respectively similar to 
those employed in the embodiment 1 , the description 
thereof will be omitted. 

[0085] The operation will next be explained. 
[0086] The detector circuit 91 supplies the input high- 
frequency signal to the high-frequency amplifying unit 2 
through the capacitors 101 and 102. Incidentally, the 
high-frequency signal inputted thereto at this time is cut 
or blocked off by the inductor 1 04 and is hence not sup- 
plied to the smoothing circuit 22. On the other hand, 
since a component of the input high-frequency signal, 
which is detected by the diode 1 03, is of a low frequency, 
it is supplied to the smoothing circuit 22 through the in- 
ductor 1 04. Incidentally, since other operations are sim- 
ilar to those in the embodiment 1 , the description thereof 
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will be omitted. 

[0087] Thus according to the embodiment 6, an effect 
is obtained that it is unnecessary to additionally provide 
a divider for allowing the high-frequency signal to divide 
into the measuring circuit 27 and high-frequency ampli- 
fying unit 2, thus it makes possible to reduce a circuit 
scale since the detector circuit 91 is connected in series 
with the high-frequency amplifying unit 2 and passes the 
high-frequency signal to the high-frequency amplifying 
unit 2, and detects the high-frequency signal. 
[0088] Incidentally, while the embodiment 6 is one 
wherein the detector circuit 21 employed in the embod- 
iment 1 is changed to the detector circuit 91, each de- 
tector circuits 21 employed in the embodiments 2 
through 5 maybe changed to the detector circuit 91 . 
Even in this case, an effect similar to the above is ob- 
tained. 

[0089] Incidentally, while the above-described em- 
bodiment has explained the case in which N type bipolar 
transistors are used as amplifying elements for the high- 
frequency amplifying unit 2 by way of example, other 
types of transistor or the like such as field effect transis- 
tor may be used as the amplifying elements for the high- 
frequency amplifying unit 2. In such a case, however, 
internal circuit configurations of bias control circuits 26 
and 63 must be modified correspondingly. 

INDUSTRIAL APPLICABILITY 

[0090] As described above, the present invention is 
suitable to use in amplification of the high-frequency sig- 
nal in, for example, a communication apparatus for 
transmitting and receiving a high-frequency signal 



Claims 

1. A high-frequency amplifying device for amplifying a 
high-frequency signal with a plurality of stages of 
amplifying elements, comprising: 

a high-frequency amplifying unit having a plu- 
rality of the amplifying elements for amplifying 
the input high-frequency signal; 
a measuring circuit for measuring amplitude of 
said input high-frequency signal; and 
a bias control circuit for continuously controlling 
a bias applied to each of said amplifying ele- 
ments according to value of said amplitude 
measured by said measuring circuit. 

2. The high-frequency amplifying device according to 
claim 1 , wherein said bias control circuit has a cur- 
rent adding circuit for outputting a current having a 
value corresponding to the amplitude measured by 
said measuring circuit, and a bias applying circuit 
for applying a bias corresponding to the sum of cur- 
rent output from the current adding circuit and a pre- 
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determined reference current to the plurality of am- 
plifying elements. 

The high-frequency amplifying device according to 
claim 2, wherein said bias control circuit has a de- 5 
tection adjusting circuit for setting value of a current 
conducted according to said amplitude of the high- 
frequency signal when said measuring circuit 
measures the amplitude thereof. 

w 

The high-frequency amplifying device according to 
claim 2, wherein said current adding circuit has a 
current mirror circuit for allowing a current having a 
value corresponding to the amplitude measured by 
said measuring circuit to conduct into one end 15 
thereof and according to the current, outputting an- 
other current set based on a ratio between junction 
areas of the current mirror circuit and a source volt- 
age from the other end thereof. 

20 

The high-frequency amplifying device according to 
claim 2, wherein said bias applying circuit has an 
internal amplifying element for conducting the cur- 
rent output from the current adding circuit and the 
predetermined reference current, and said internal 25 
amplifying element and the plurality of amplifying el- 
ements of said high-frequency amplifying unit con- 
stitute a current mirror circuit. 

The high-frequency amplifying device according to 30 
claim 1 , wherein said bias control circuit has a cur- 
rent subtracting circuit for inputting thereto a current 
having a value corresponding to the amplitude 
measured by said measuring circuit, and a bias ap- 
plying circuit for supplying the current to the current 35 
subtracting circuit and applying a bias correspond- 
ing to a difference between a predetermined refer- 
ence current and said current to the plurality of am- 
plifying elements. 

40 

The high-frequency amplifying device according to 
claim 6, wherein said bias control circuit has a de- 
tection adjusting circuit for setting a value of current 
conducted according to the amplitude of high-fre- 
quency signal when said measuring circuit meas- 
ures the amplitude thereof. 

The high-frequency amplifying device according to 
claim 6, wherein said current subtracting circuit has 
a current mirror circuit for allowing a current having so 
a value corresponding to the amplitude measured 
by said measuring circuit to conduct into one end 
thereof and according to the current, inputting an- 
other current set based on a ratio between junction 
areas of the current mirror circuit and a source volt- 55 
age from the other end thereof. 

The high-frequency amplifying device according to 
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claim 6, wherein said bias applying circuit has an 
internal amplifying element for conducting the re- 
maining current obtained by subtracting the current 
supplied to the current subtracting circuit from the 
predetermined reference current, and 

the internal amplifying element and the plural- 
ity of amplifying elements of said high-frequency 
amplifying unit constitute a current mirror circuit. 

10. The high-frequency amplifying device according to 
claim 1 , wherein said measuring circuit is connect- 
ed in parallel with said high-frequency amplifying 
unit. 

11. The high-frequency amplifying device according to 
claim 3, wherein said measuring circuit, said current 
adding circuit and said detection adjusting circuit 
are connected in parallel with said high-frequency 
amplifying unit. 

12. The high-frequency amplifying device according to 
claim 7, wherein said measuring circuit, said current 
subtracting circuit and said detection adjusting cir- 
cuit are connected in parallel with said high-fre- 
quency amplifying unit. 

13. The high-frequency amplifying device according to 
claim 1 , wherein said measuring circuit has a de- 
tector circuit connected in series with said high-fre- 
quency amplifying unit, for passing the high-fre- 
quency signal to said high-frequency amplifying unit 
and detecting the high-frequency signal. 

14. A high-frequency amplifying device for amplifying a 
high-frequency signal with a plurality of stages of 
amplifying elements, comprising: 

a high-frequency amplifying unit having a plu- 
rality of the amplifying elements for amplifying 
the input high-frequency signal; 
a measuring circuit for measuring the amplitude 
of input high-frequency signal; and 
a plurality of bias control circuits for respective- 
ly independently controlling continuously bias- 
es applied to the respective amplifying ele- 
ments according to the value of amplitude 
measured by said measuring circuit. 

15. The high-frequency amplifying device according to 
claim 14, wherein each of said bias control circuits 
has a current adding circuit for outputting a current 
having a value corresponding to the 1 amplitude 
measured by said measuring circuit, and a bias ap- 
plying circuit for applying a bias corresponding to 
the sum of current output from the current adding 
circuit and a predetermined reference current to 
said each amplifying element. 



21 



EP 1 298 793 A1 



16. The high-frequency amplifying device according to 
claim 14, wherein each of said bias control circuit 
has a current subtracting circuit for inputting thereto 
a current having a value corresponding to the am- 
plitude measured by said measuring circuit, and a 5 
bias applying circuit for supplying the current to said 
current subtracting circuit and applying a bias cor- 
responding to the difference between a predeter- 
mined reference current and the current to said 
each amplifying element. 10 

17. The high-frequency amplifying device according to 
claim 14, wherein each of said bias control circuit 
of a predetermined number of stages on the front 
side, of said plurality of bias control circuits has a '5 
current subtracting circuit for inputting thereto a cur- 
rent having a value corresponding to the amplitude 
measured by said measuring circuit, and a bias ap- 
plying circuit for supplying the current to the current 
subtracting circuit and applying a bias correspond- 20 
ing to the difference between a predetermined ref- 
erence current and the supplied current to said each 
amplifying element, and each of said remaining bias 
control circuits on the rear side has a current adding 
circuit for outputting a current having a value corre- 25 
sponding to the amplitude measured by said meas- 
uring circuit, and a bias applying circuit for applying 

a bias corresponding to the sum of current output 
from the current adding circuit and a predetermined 
reference current to said each amplifying element. 30 
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